Abstract Polycyclic and nitro musks and two fragrances (Acetyl cedrene and Amberonne) have been determined and quantified in influent and effluent waste water, river water and tap water samples from different European countries by closed loop stripping analysis (CLSA) as a method of preconcentration and GC/MS operating in the SIM mode.
Introduction
Musks are one of the most important and often used fragrances in perfumery. Natural musk is used for more than 5,000 years in East and South-east Asia, and it is obtained from the musk pods of the male musk deer which are traditionally harvested by killing the animals (Heberer, 2002) . However, in the European perfume industry, the use of natural musk has declined in the 1990s because of the high costs. They were replaced by synthetic compounds: the aromatic nitro musks (e.g. musk xylene) and the polycyclic musks (e.g. Tonalide). Polycyclic musks are used in almost all consumer products, such as perfumes, cosmetics, soaps, shampoos, laundry detergents, fabric softeners, household cleaners, air fresheners and other household products (Rimkus, 1999) .
Synthetic musk compounds have recently been recognized as important organic contaminants of the aquatic environment. Besides some other personal care products, they are discharged at considerable concentrations by sewage treatment plants into the receiving surface waters. Due to their persistence and their low polarity, synthetic musks can be accumulated in the environment and might also be used as indicator compounds in environmental monitoring investigations.
Furthermore, high concentrations of some fragrance materials such as Amberonne and Acetyl cedrene were reported by Simonich (2000 Simonich ( , 2002 in European and U.S wastewater treatment plants.
The structures of nine compounds (7 musks and 2 fragrances, Amberonne and Acetyl cedrene) chosen as analytes are given in Figure 1 .
The aim of this study is to develop a method for the analysis of fragrances at trace levels and its application to determine their occurrence in different European wastewater influents and effluents.
Methods

Closed loop stripping analysis (CLSA)
Analyses were carried out using a commercial CLSA apparatus (Brechbüler, Switzerland). 1.5 and 5 mg activated carbon filters were used, depending on the purity of the sample. Water samples (1 l. or diluted with purified water) were spiked with 1-chloroalkanes (C 5 , C 6 , C 10 , C 12 ,C 16 and C 18 ) to give a final concentration of 400 ng/l for each compound. The samples were stripped for 1.5 h. The water-bath was held at 45 8C and the carbon filter at 55 8C. After stripping, the carbon filters were spiked with C 16 and C 18 1-chloroalcanes at the same concentrations of the spiked water samples. The filters were then extracted with 20 ml of CS 2 (10 þ 10 ml) for 1.5 mg filters and extracted with 48 ml of CS 2 (24 þ 24 ml) for 5 mg filters.
Gas chromatography-mass spectrometry (GC/MS)
Analyses of CLSA extracts were carried out on a GC-MS Trace 2000 instrument. The chromatographic conditions were the following. The column was a 50 m £ 0.32 mm i.d. CP-SIL 19CB (Varian) fused-silica capillary column of 0.2 mm film thickness fitted with a 2 m fused-silica capillary precolumn. Injections were 2 ml cold "on-column", using helium as carrier gas. The temperature program was from 30 8C (held for 5 min) at 3 8C/min to 285 8C.
The MS operating conditions were as follows: ionization energy, 70 eV; mass range 35 -500 uma; interscan time delay, 0.1 s. The ion source and interface temperatures were kept at 200 8C and 295 8C, respectively. For the quantification, the SIM mode was used. Quantification and identification ions are shown in Table 1 Figure 1 CAS numbers and structures of the seven musks and two fragrances studied Results and discussion
Quality parameters
A summary of the quality parameters is given in Table 2 . Quantification was performed using a calibration curve (n ¼ 8) from 10-900 ng/l. Standards were kindly provided by Lucta (Barcelona, Spain). The curves were obtained by plotting the ratio analyte area/internal standard area, versus the concentration, obtaining correlation coefficients r 2 . 0.994 in all cases. Detection limits were calculated as three times the standard deviation of seven spiked samples of Milli-Q water at a concentration of 30 ng/l. Values between 5-10 ng/l were achieved for all compounds (see Table 2 ). Repeatability and reproducibility were evaluated in terms of relative standard deviation. For repeatibility, four spiked water samples of 100 ng/l were analysed the same day. On the other hand, the reproducibility was evaluated during 7 days, at three spiked levels, 30, 80 and 800 ng/l. Relative standard deviations were under 15% (except for musk ketone). The sligth difference between repeatability and reproducibility is due to the fact that it was not possible to analyse more than four samples per day to obtain the repeatibility.
Finally, an estimation of the uncertainty was calculated through the "bottom-up" approach method. The accumulation of expanded relative relative uncertainty U (k ¼ 2) in this analytical method lies in the range 15 -27% from Acetyl cedrene to Versalide, respectively.
Matrix effect was also studied. Four samples from different sources (one river water, two wastewater effluent samples and one wastewater influent sample) were spiked with Table 4 Concentration levels of musks and fragrances in several European water samples analyzed by CLSA-GC-MS
Type of sample and location
Galaxolide ( 800 ng/l of all studied compounds. No significant interferences were detected, being the recoveries similar to those obtained analysing Milli-Q water. For instance, Galaxolide has a recovery of 102^2% in Milli-Q water, and a mean recovery of 99^7% in the analyzed wastewater samples (Table 3) .
Sample analysis
Influent and effluent samples from wastewater treatment plants, surface water samples (rivers) and tap water samples from four different European countries (B, D, F, SP) were collected in 2003 (May), see Table 4 . Sample preservation was accomplished by storing the bottles at 4 8C after sampling. Preconcentration was carried out by CLSA and quantification was performed by GC/MS (SIM mode) using the quantification ions described in Table 1 . A GC/MS chromatogram of a wastewater treatment plant influent is displayed in Figure 2 .
Polycyclic musks
Two compounds, Galaxolide and Tonalide were identified in all waste water influents and effluents analyzed. Their removal in the WWTPs ranged from 21.5% to 69.5% for Galaxolide and from 37.6% to 71.7% for Tonalide, respectively. Traseolide was only observed in two influents at 186 ng/l (D-4) and 28 ng/L (B-1) whereas the other two polycyclic musks were at trace levels or absent. River samples presented lower levels of the two main compounds ranging from 36-329 ng/l for Galaxolide and , loq-62 ng/l for Tonalide. No polycyclic musks were identified in the different tap water samples studied.
Nitro musks
Musk ketone only could be identified in a spanish WWTP. Concentration levels were 301 ng/l (influent) and 87 ng/l (effluent) being the efficiency of this WWTP of 71% for this compound. No musk xylene was identified in any sample. The lower presence of nitro musks compared to polycylic ones is in agreement with trends observed in the literature.
Other Fragrances
Amberonne and Acetyl cedrene seem to be so ubiquitous as polycyclic musks. They have been identified in all WWTP and river water samples. Ranges of 200-3,410 ng/l for Amberonne and 31 -891 ng/l for Acetyl cedrene have been found. Their removal in WWTPs is slightly better than those obtained for musks. Thus, removal ranges of 85-5% -94.6% for Acetyl cedrene and 44%-89.8% for Amberonne were measured
The presence of signiificative amounts of musks and fragrances in all WWTP effluents prove that all the studied compounds musks are refractary to wastewater treatment and they could be considered as tracers of domestic pollution.
Conclusions
CLSA-GC/MS has proved to be a suitable method for the analysis of musks and fragrances at trace levels 5-10 ng/l. The method gave good repeatability and reproducibility with a relative expanded uncertainty of 15-27% for the studied compounds. Galaxolide, Tonalide, Amberonne and Acetyl cedrene have been currently found in all wastewater influent and effluent samples from four different European countries, thus indicating the widespread occurrence of these compounds.
